Abstract. Present study was conducted to estimate genetic diversity for fiber quality traits among elite G. arboreum and G. hirsutum cotton genotypes using simple sequence repeat (SSR) markers; and to establish relationship between genetic diversity of all three species including 13 genotypes. The experimental plant material included 13 genotypes viz., 824, CINA 329, CINA318, Jawahar Tapti, CINA344, CINA333, DLSA17, G. cot H12, G. cot H4, G. cot H16, G. cot H10, G cot 8 and G. cot 20. The genotypes were amplified by 29 SSR primer pairs belonging to BNL (11), CIR (06), NAU (08) and JESPR (04) series. All 29 primers showed amplification and produced a total of 343 bands. Average number of bands amplified by each primer was 11. Statistical analysis for SSR data was conducted using software program me NTSYS pc version 2.02e. The genetic distance (GD) among the cotton genotypes ranged from 0.19 to 0.70. The highest GD (0.70) was detected between 824 and CINA344 while the lowest GD (0.19) was observed between G.cot H10 and G.cot 20. The average observed mean heterozygosity was 0.70 and observed mean percentage of polymorphic loci was 70%.
INTRODUCTION
The genus Gossypium occurs naturally throughout tropical and subtropical regions, and that were domesticated independently as sources of textile fiber belongs to family Malvaceae includes 50 species. 45 species are diploid (2n=2x=26) and five are allotetraploid (2n=4x=52) (Wendal and Cronn, 2003) . Among these approximate 50 species four are cultivated viz. Gossypium arboreum L. (n=x=13, A2) and Gossypium herbaceum L. (n=x=13 A1) are diploids while Gossypium barbadense L. [n=2x=26, (AD)2] and Gossypium hirsutum L.[n=2x=26, (AD)2] are tetraploid (Kumria et al., 2003) . Cotton is an important source of natural fiber, which plays an important role in global economy and as a raw material in the textile industry. Globally cotton crops are grown on ~32 million hectares (mha) with appoximately 70% of the production in developing countries (Cotton research of India 2010). India, USA, China, Australia, Pakistan and Uzbekistan are main producers of cotton in the world. Gossypium herbaceum L is limited to Gujarat and Karnataka. Gossypium hirsutum L and Gossypium arboreum L are grown in all the major cotton growing states of India.
Enhanced cotton resources are needed to facilitate the improvement of fiber quality and other agronomic traits of this important crop. Therefore, an important area of cotton genomics research is germplasm characterization and utilization. Analysis of genetic diversity and relatedness between species and among genotypes is useful in plant breeding programs because it provides a tool for accurate organization of germplasm and efficient parental selection. Moreover exotic germplasm is an important source of genes which can be transferred in breeding programs through marker assisted selection. With advancement in molecular marker technology, marker-assisted selection (MAS) combined with conventional breeding has been one way in which fiber quality can improve.
Simple sequence repeat (SSR) markers (microsatellite) are tandemly repeated DNA motifs (1-6bp long) which may vary in the number of repeats at given locus, have been successfully employed in many genetic diversity studies (Liu et al., 2000b; Grutierrez et al., 2002) and are useful for a variety of applications in plant genetics and breeding because of their reproducibility, multiallelic nature, co dominant, relative abundance and good genomic coverage (Powel et al., 1996) . SSR are easy to use and analyze (Morgante and Olivieri 1993) . The variation among microsatellite is thought to be due to the slippage of DNA polymerase during replication or unequal crossing over, resulting in differences in the copy number of the actual nucleotide sequences (Yu et al., 1999) . Polymorphism among individuals arises from changes in the number of the repeats. In the other words, these markers meet most of the requirements for ideal markers for assessing gene flow. Tracking of microsatellite markers requires specifically designed primers for conserved flanking region of repeats and PCR amplification of this region. The availability and abundance of microsatellite markers throughout the cotton genome coupled with the fact that they are polymorphic, co dominant and are based on polymerase chain reaction (PCR) make them particularly useful in genetic diversity studies of cotton (Reddy et al., 2001) . SSR markers seems to be a good tool for genomic studies and can minimize the laborious cloning and screening steps of SSR development . So far SSR markers for fibre quality traits in desi cotton is concerned less SSR markers are available and being common A genome between tetraploid and diploid cotton, the information generated from tetraploid cotton could be successfully utilized for MAS in diploid cotton for fibre quality traits. The objective of present study is to validate fibre quality linked SSR markers of tetraploid cotton in diploid cotton, and to determine the genetic diversity and similarity between all genotypes used for study and utilization of SSR markers for marker assisted selection(MAS) in diploid cotton
MATERIALS AND METHODS

Cotton genotypes
The genotypes of cotton were procured from Regional Research Station, AAU Anand, Main Cotton Research Station, Surat, Regional Cotton Research Station Viramgam and Regional Cotton Research Station, Bharuch. Total 13 cotton genotypes were used for study, out of which 6 genotypes were of G. hirsutum, 7 genotypes were of G. arboreum. (Table 1) 
Selection and synthesis of SSR primers
A total of 29 QTL SSR primers for different agronomic traits Fiber length, fiber strength, Boll weight and lint percentage belonging to JESPR, NAU, CIR, BNL series were chosen randomly across the cotton genome and downloaded from Cotton Marker Database (CMD). The sequences for these SSRs are available at http://www.cottonmarker.org/projects/cm/. They were custom synthesized by MWG Biotech Pvt Ltd. Bangalore, India.
Extraction and quantification of cotton genomic DNA
Total genomic DNA was extracted from the leaves of standing crop by Cetyl trimethyl ammonium bromide (CTAB) method (Dakshinamoorthy and selvaraj, 2000) with minor modifications.
Fresh leaves (300 mg) of young plant genotypes (15 Days after germination) were collected from Vegetable Polyhouse and crushed in the presence of liquid nitrogen. DNA extraction buffer (CTAB) containing 2.5 % Polyvinyl Pyrrolidone (PVP) was used to isolate DNA. Spectrophotometry was performed to determine DNA concentration by using Nanodrop N.D.1000 (Software V.3.3.0, Thermo Scientific, USA) at absorbance ratio 260/280 nm and the quality of obtained DNA was checked on 0.8% agarose gel.
Amplification of genomic DNA and Electrophoresis
All the PCR reactions were carried out in 200 µl thin walled PCR tubes. Component of PCR reaction was prepared by adding Taq Buffer A (10X Tris with 15Mm MgCl2) followed by forward and reverse primers, dNTPs, Taq DNA polymerase (Fermentas, India) and template DNA. The reagents were mixed by gently tapping against the tube and brief spin (~10,000 rpm for 30 seconds). An initial denaturing step of 4 min at 94°C was followed by 42 PCR cycles (denaturing at 94°C for 1 min, primer annealing at 40-60°C for, 1 min and primer extension at 72°C for 2 min). A final step of 7 min at 72°C was carried out for polishing the ends of PCR products. The PCR amplification cycles were carried out in a thermal cycler (T-Gradient, Bio-metra, BIORAD). Agarose gel of 2.5 % concentration was prepared in 1X TBE (2.5 g agarose in 100 ml 1X TBE and 2.5 µl Ethidium bromide from 10 mg/ml stock). PCR amplified products (9 µl and 1 µl 6X loading dye) were loaded into the wells. The 100 bp standard DNA ladder (1 µl) (marker) was also run along with the samples. The electrophoresis was conducted at 100 V current (constant) for 2.5 hrs. to separate the amplified bands. The separated bands were visualized under UV transilluminator (Biometra, Germany) and photographed using gel documentation system (Biorad, California). 
Scoring and analysis of data
Clear and distinct bands amplified by SSR primers were scored for the presence and absence of the corresponding band among the 13 cotton genotypes. The scores '1' and '0' indicates the presence or absence of bands respectively. The data was entered into binary matrix and subsequently analyzed using NTSYSpc version 2.0. Coefficients of similarity were calculated by using Jaccard's similarity coefficient by SIMQUAL function and cluster analysis was performed by agglomerative technique using the UPGMA (Un-weighted Pair Group Method with Arithmetic Mean) method by SAHN clustering function of NTSYS-pc. Relationships between the cotton cultivars were graphically represented in the form of dendrograms. Grouping of genotypes also evaluated by Principle Coordinate Analysis (PCA) as reported by (Thomas et al., 2006) . PCA was performed by extracting Eigen value and Eigen vectors from a correlation matrix which was generated using a standardized data matrix. The expected heterozygosity, Hn for a molecular marker was calculated as,
Where, pi is the allele frequency of the ith allele. The arithmetic mean heterozygosity, Hav was calculated for each marker class as, Hav= ΣHn/n Where, n is the number of markers or loci analyzed.
Marker index (MI) is calculated as, MI= E (Hav) p
Where, E is the effective multiplex ratio (E=nβ, where, β is the fraction of polymorphic markers or loci).
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3. RESULTS AND DISCUSSIONS
Genetic Diversity Analysis using Microsatellite Markers
PCR amplification of genomic DNA of 13 cotton genotypes, using twenty nine primers generated 354 scorable bands in both diploids and tetraploid genotypes with average of 10.45 bands per primer. The size of the bands ranged from 80 bp to 655 bp. On an average, 2.31 alleles were generated per primer. The SSR primers tested in present investigation produced fragments of different size. The minimum (80bp) sized fragment was amplified by primer BNL341, whereas maximum (655 bp) sized fragment was amplified by primer BNL4030. The PIC value ranged from 0.19 (NAU3260) to 0.74 (JESPR 208) with an average of 0.37.
Cluster Analysis of SSR markers in cotton
Dendrogram based on Nei's (1978) unbiased measures of genetic distance by UPGMA method formed two major clusters which grouped all 13 cotton genotypes Cluster 1(A) which was smallest in all clusters included 824, G cot H12 and G cot H4. Second cluster formed two subgroups viz. B1 and B2. Cluster B1 included six genotypes CINA 329, CINA318, G. cotH16, G cot H16, G.cotH10, G.cot 20 and G.cot 8. The B2 cluster includes 4 genotypes viz.CINA344, DLSA17, CINA333 and Jawahar tapti. A2B includes 4 genotypes viz. CINA344, Jawar Tapti, CINA333, DLSA17 which leads us to assume that the B1, B2 subgroup cluster included the varieties of similar genetic origin and which can be helpful for consideration of these varieties for the hybridization programme. The involvement of genotypes in the same cluster again indicated that the varieties with the same genetic composition were falling in the one cluster and this can help to conduct a hybridization programme with these genotypes. The similarity coefficients ranged from 0.19 to 0.74 for all accessions. Thus, the relatedness of the cultivars studied was efficiently established through the use of SSR markers though with some differences in the positioning of some cultivars at various clusters. Dendrograms generated for SSR markers of cotton genotypes reflect relationships among most of the diploid G.arboreum and tetraploid G. hirsutum cultivars, depending upon their fiber quality traits.
DISCUSSION
The electrophoretic profiles obtained with the study of the primers, 29 primers gave amplification in both diploids and tetraploids, out of which 21 primers gave polymorphism in both diploid and tetraploid cotton species (75.75%). However, primers BNL1531, CIR246, CIR307, JESPR65, NUA1369, NAU2035, do not produced any polymorphism among two genotypes analyzed. SSR markers amplified by primer BNL2920, BNL4030, BNL580 JESPR208, JESPR307, NAU1200, NAU4024, NAU153 1and NAU923 gave high polymorphism and they are also abundant in diploid (G. arboreum) genotypes therefore, they are best markers for marker assisted selection (MAS) in diploid genotypes for fibre quality traits. Further the polymorphism found among the diploids genotypes for molecular markers can be utilized to establish useful associations between these markers and traits that contribute to improve fiber quality traits. Fiber quality linked SSR markers of tetraploid cotton in diploid species may be used to amplify DNA fragments in most of G.arboreum genome. SSR markers used for this study reveal diversity and similarities among and between genotypes of diploid cotton genotypes based on molecular characterization through SSR. The highest PIC value was recorded for JESPR 208 (0.74) and lowest for NAU (0.19), whereas, mean PIC value from all tested microsatellite was 0.37 (Table-3 ). 
